Injection valves introduce the sample into the flow system. The term 'injection' is an old-fashioned one, referring to the early systems described by Ruzicka and Hansen [1 and 2] , which are based on the use of a needle-less syringe, whose plunger presses and displaces a septum, thus creating a transient chamber which holds the sample. As the septum returns to its original position, the sample is introduced into the carrier solution. These systems were described by Betteridge in a review published in 1978 [3] . A syringe with a hypodermic needle injecting the sample into the carrier through a septum has also been used. Injection proper results in a transient change in the flow which yields a sharp and irreproducible peak. These [9] . [4] and in the past a shortcoming was a fixed injection volume (this drawback has now been solved [10 and 11] Other alternatives
There are ways of introducing the sample into the flow system which do not use injection valves. Thus, the 'hydrodynamic injection' described by Ruzicka and Hansen [15] , requires a timer to control the stop-and-go of two pumps (one for the carrier solution channel and another for the sample channel, which are perpendicular to each other and share a tubing zone whose volume is that of the inserted sample). [19] . Thus, with a simple configuration (figure 2) and with the aid of two of these valves, three parameters in a sample can be sequentially determined. Valve S in figure 2 [20] . The sample is introduced into the carrier solution containing the reagent by intermittent pumping [16] . The main advantage of this configuration is a four-fold increase in the sampling frequency.
Commutation valves with more than three channels can also be used for the simultaneous confluence of two or more channels with one or several outlets. figure 3 ) and some, such as c, can adopt two different situations in the flow systems. One position permits the splitting of the flow into any of the selected channels and the other allows the confluence of two channels and diversion to one of the two outlets. The valve can also be switched to four different selectingdiverting positions ( figure 3 [d] ).
With rotary valves
The six-way rotary valves usually employed in injection systems can also be adapted to selecting-diverting valves by an alternative connection of the different channels, as shown in figure 4 19]. One of the channels is not in use and of the other five, two are incoming channels and three outgoing channels (one of which is always inactive). Of the two incoming channels one is selected and the other is waste through one of the outlets. Valves thus connected offer such novel uses (figure 5) as co-ordination of two FIA subsystems selecting the flow coming from one of them by its location prior the detector ( figure 5 [a] ). This configuration is especially useful for simultaneously monitoring different parameters in the same sample this could otherwise require very different manifolds [19] .
A simpler use of these valves is the rough alteration (an increase) of the flow-rate, resulting in a washout effect which allows sampling frequency to be increased without the use of alternating streams [21 or flow gradients [22] ( figure 5 [b] ). The fact that each stream attaining the valve is wasted through a different channel endows these valves with a selecting-diverting capability so that any of the channels driven to waste can attain any point in the FIA configuration (figure 5 [c]) (as used in speciation studies [23] [24 and 25] . In this case, one of the channels attaining the valve is the carrier solution and the other is that coming from the detector. In the open position, valve S selects the carrier solution and drives it to the detector, after which it is wasted. In the closed-system position a closed circuit is established, as a result ofvalve S selecting the channel coming from the detector. In this last position the evolution (physical and chemical) of an injected sample into the flow can be monitored.
Olsen et al. [26] also use a configuration with three six-way rotary valves as directional valves in a two-line FIA-AAS system to determine levels of heavy metals in sea water. The authors couple a Chelex-100 ion-exchange column for pre-concentration. There are two cycles fixed by the position of these valves: in the pre-concentration cycle, the injected sample volume (2 ml) passes through the column, the metal ions being retained; in the elution cycle (use of2M HNO3 as eluent) these ions are driven to the detector. The most important feature of this configuration is that the sample matrix never attains the detector, but only the HNO3 solution (before passing [34] . Each valve injects the sample into a distilled water channel, later merging with a suitable reagent prior to the multichannel spectrophotometer which receives the parallel channels and is controlled by a computer. The system selecting the standard is also automatized through the computer, which also acts on the coupled valve system (a six-way pneumatically driven valve and an ordinary three-way one).
Undoubtedly, the most common FIA mode making use of parallel injection valves is the merging zone mode [35] . In the symmetric merging zones, sample and reagent are injected into two parallel channels and the bolusses merge symmetricaly prior to the detector. This mode features small sample and reagent consumption, so that it is the most suitable for clinical analysis. Its association with other techniques such as stopped-flow [36] further increases its potential. In the asymmetric mode, one of the injected bolusses merges in the tail of the other bolus, giving rise to a new bolus with two different reaction zones. This mode is the most suitable for such simultaneous determinations as the speciation of chromium is waste water with diphenylcarbazide and cerium(IV) [37] .
Internal coupling
Internal coupling involving the direct connection of two or more valves to perform a given function. In this area, the coupling of the microcomputer-controlled four-way valves has been proposed to synchronize their operation with that of the sample tray [38] 
